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DESCRIPTION 

METHOD AND APPARATUS FOR PROCESSING BRITTLE MATERIAL 

5 TECHNICAL FIELD 

The present invention relates to a method and an apparatus for 
processing brittle materials such as glass, ceramics or semiconductor wafers. 

BACKGROUND ART 

10 It is known that when laser light from a laser light source irradiates 

the surface of a brittle material to be processed, heating distortions 
generated at this time due to the changes in heating and cooling can be used 
to process the brittle material. 

For example, JP H3-13040B discloses a processing method in which 

15 the brittle material is cleaved by guiding a crack formed at the start of the 
processing of the brittle material along a processing line by the heat strain 
due to the laser light irradiation. Further, Tokuhyo H8-509947 (Japanese 
Patent No. 3027768) discloses a processing method in which a crack is 
formed from the surface of the material to a predetermined depth by the heat 

20 strain due to laser light irradiation onto the brittle material, and the brittle 
material is cut using this crack. 

Typical laser light sources used in this type of processing include gas 
lasers such as HF lasers with an emission wavelength of 2.9 jam, CO lasers 
with an emission wavelength of 5.5 \im, and CO2 lasers with an emission 

25 wavelength of about 10 jam and the like. Furthermore, solid-state lasers 
such as ruby lasers or semiconductor lasers or the like, which emit a variety 
of wavelengths, are commercially available. 

Of the laser light sources available commercially, laser light with 
wavelengths of about 1 to 3 \xm is used for processing semiconductor wafers 

30 of silicon and the like, while laser light of wavelengths of about 5 to 10.6 \im 
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is used in the processing of brittle materials such as glass and the like. 
Furthermore, various ceramic materials are processed using laser light with 
wavelengths of about 1 to 10.6 |am. 

However, with the processing method using laser light, the light 
5 absorptance of the processing material will greatly change depending on the 
wavelength of the irradiated laser light. When that absorptance is large, 
most of the irradiated laser light is absorbed in the vicinity of the material 
surface, and direct heating by irradiating laser light that does not depend on 
thermal conduction will not extend more than a few |um from the material 
10 surface. 

Showing this condition in FIG. 6, the heated region that is heated by 
irradiation of laser light L is extremely localized in the surface vicinity when 
compared to the thickness of the brittle material W, and propagation of heat 
to the material interior occurs by thermal conduction (thermal conduction 
15 zone). Due to this, as a large amount of time is needed before the material 
interior is extensively heated, this has been a large hindrance to speeding up 
the process time. 

According to the processing methods disclosed in JP H3-13040B or 
Tokuhyo H8-509947 (Japanese Patent No. 3027768), consideration towards 

20 the selection of the laser light wavelength is not particularly strict, and often 
the irradiated laser light is not at the optimum absorption wavelength. 
Because of this, a long time is required to increase the temperature of the 
interior of the material, it is necessary to lengthen the laser light irradiating 
period, and processing speed cannot accelerated. 

25 Further, as a different problem which occurs when the irradiating 

time is lengthened, before attaining the temperature necessary for 
processing (crack formation), the inside of the material, the temperature of 
the surface vicinity of the irradiated portion is heated to near or above the 
melting temperature of the material, and there is the problem that if the 

30 vicinity of the material surface melts, it becomes difficult to obtain an 
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accurate scribe line. It should be noted that in the processing method 
disclosed in Tokuhyo H8-509947 (Japanese Patent No. 3027768), there is 
also the problem that because a long time is required to heat the material 
interior to a sufficient temperature, cracks cannot be formed deep into the 
5 material within the heating times for scanning speeds that are used in 
practice. 

In order to obtain a practically effective processing speed, examples 
have been disclosed which are realized by the addition of contrivances onto 
optical systems that are combinations of various lenses or optical parts, such 
10 as a laser beam emitted from the laser emitting portion arranged so as to 
widen in the scanning direction in an elliptical-shape or oval-shape, with the 
intention to have an irradiation area of laser light used in the process that is 
as wide as possible. 

15 DISCLOSURE OF INVENTION 

In view of the facts of the situation, an object of the present invention 
is to provide a method and an apparatus for processing brittle material at a 
fast process speed. 

According to the present invention, a method for processing brittle 
20 material in which a laser light from a laser light source irradiates the brittle 
material and an irradiating position of the laser light is moved along a 
predetermined line comprises irradiating simultaneously the laser light from 

f. 

a plurality of the laser light sources onto the brittle material, and moving an 
irradiating range of the laser light, which is set to a predetermined shape, 

25 over a surface of the brittle material. 

In the processing method according to the present invention, it is 
preferable that a plurality of optical wave guides (for example hollow optical 
fibers or hollow wave guides) that guide the laser light from the laser light 
sources to the brittle material are provided, and composite laser light 

30 irradiates the surface of the brittle material, with these optical wave guides 
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bundled together. 

In the processing method according to the present invention, it is 
possible to employ a method in which a plurality of laser light sources of 
differing output intensities are combined, and a composite intensity 
5 distribution of the laser light that irradiates the surface of the brittle 
material is adjusted. Further, it is also possible to employ a method in 
which an irradiating spot position of the plurality of laser lights on the 
surface of the brittle material is set so as to obtain the intended shape of the 
beam of the laser light irradiated onto the brittle material. 

10 Furthermore, it is also possible that a time at which light emission of 

the plurality of laser light sources starts is controlled with a predetermined 
sequential time lag, so as to sequentially move the irradiating spot position 
of the plurality of laser lights. 

The operation of the processing method of the present invention is 

15 explained below. 

If a brittle material is simultaneously irradiated with laser light from 
a plurality of laser light sources, the irradiating area that the laser light 
irradiates increases, the irradiating area of laser light on the surface of the 
brittle material to be processed greatly widens and the heated volume of the 

20 inside of the material that is heated per irradiated time increases. This 
generates thermal distortions across a wide range, and as a result of 
propagating at high speed cracks extending to deep regions, at the same time 
as moving the laser light in a predetermined direction relative to the surface 
of the brittle material, processing speed can be increased while scanning. 

25 Moreover, by irradiating simultaneously low laser light from multiple 

laser light sources onto the brittle material, it is possible to use low output 
semiconductor lasers as the laser light source. 

That is to say, the output strength of ordinary semiconductor lasers is 
low compared to gas lasers, and the output strength per single laser is 

30 insufficient, however by using a multitude of semiconductor lasers, and by 
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simultaneously irradiating laser light onto the surface of the brittle material 
to be processed, it is possible to generate thermal distortions over a wide 
area by applying the necessary thermal effect simultaneously on a wide 
surface region of the brittle material. 
5 The effect of the processing method of the present invention is 

explained in further detail. 

First, the output of the laser light source can be approximated by a 
Gaussian function. 

Now, the distribution shape in two dimensions of the light output 
10 intensity of a single laser light source is approximated as a quadratic 
function in order to facilitate understanding. As shown in FIG. 2, it is 
assumed that laser light from three laser light sources simultaneously 
irradiates three slightly offset locations. Using appropriate constants a, b, c 
and d with the output intensity distribution graph shapes shown by i), ii) and 
15 iii), if the functions are expressed respectively as 

yl = a(x + b) 2 + c 

y2 = ax 2 + c 

y3 = a(x - d) 2 + c 

then the light intensity distribution can be expressed similarly as a 
20 quadratic function which is a synthesis of the three light output strengths 
Y = A(x-B) 2 + C. 

Here, A, B, and C are appropriate constants. Consequently, the 
result is that laser light irradiates over a wide area as if from a single laser 
light source. It should be noted that in practice, because the arrangement 

25 of the laser light sources (the irradiating spot of the laser light) is arrayed in 
three dimensions, the two-dimensional transformation described above 
becomes a three-dimensional distribution transformation. FIG. 3A and FIG. 
3B show schematically an example of this kind. FIG. 3A shows 
schematically a condition in which the positions of the beam peaks are 

30 positioned at equidistant lattice points in a two-dimensional plane-shape. 
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The position of each peak is expressed using three-dimensional coordinates. 
FIG. 3B on the other hand, shows schematically a condition in which the 
peak position of the central beam is shifted one step below the position of the 
lattice point peak position of other rows which are arranged in a uniform two 
5 dimensional plane. When the output of each beam is roughly the same, this 
condition corresponds to the case that when an attachment position of the 
output portion of the laser corresponding to the central row beam is shifted 
down. Furthermore, when the attachment position of the output portion of 
each beam is a lattice point arranged equidistantly in a two-dimensional 

10 planar shape, this also corresponds to the case that the output of the laser 
which corresponds to the central row beam is large. 

Because of the above, by simultaneously irradiating the brittle 
material with laser light from more laser light sources it becomes possible to 
simultaneously irradiate the surface region over a wide area. The result of 

15 this is that a large volume of the internal portion of the brittle material can 
be simultaneously heated, and it is possible to increase the process speed. 

According to the present invention, an apparatus suitable for 
carrying out the brittle material process method having the characteristics 
described above, in which a laser light from a laser light source irradiates the 

20 brittle material and an irradiating position of the laser light moves along a 
predetermined line, comprises a plurality of laser light sources, an optical 
wave guide for guiding a laser light from those laser light sources to a 
surface of the brittle material, a scanning means for moving a laser light 
irradiating position to the brittle material, a light intensity measuring 

25 means for measuring the light intensity on a laser light irradiating face of 
the brittle material; and a transporting means for transporting the light 
intensity measuring means along the laser light irradiating face of the brittle 
material, wherein the apparatus for processing the brittle material is 
configured so as to use an output from the light intensity measuring means 

30 as measured information of a composite intensity distribution of the 



plurality of laser lights irradiated onto the surface of the brittle material. 

According to the processing apparatus of the present invention, it can 
be confirmed whether the composite intensity distribution of the laser light 
which is irradiated onto the brittle material is attaining the desired intensity 
5 distribution, based on the output of the light intensity measuring means. 
Furthermore, when a plurality of laser light sources having different output 
intensities is used, the kind of intensity distribution that the composite 
intensity distribution obtains can be confirmed. 

It should be noted that, by the irradiation of laser light from the laser 
10 light sources, the present invention is suitable for both a cutting process in 
which cracks are cut deep into the brittle material, and a cleaving process in 
which the brittle material is completely separated along a process line 
(scribe line) using only irradiation with laser light. 



15 BRIEF DESCRIPTION OF DRAWINGS 

FIG^l^is a diagram showing schematically a configuration of an 
embodiment of the present invention. 

FIG. _2 is a diagram showing schematically a 2-D optical intensity 
distribution when laser light from a plurality of laser light sources irradiates 
20 a brittle material. 

FIG. 3 is a diagram showing schematically a 3-D optical intensity 
distribution when laser light from a plurality of laser light sources irradiates 
a brittle material. 

FIG. 4 is a diagram showing an example of a beam shape (viewed 
25 from above) which can be set when a plurality of laser light sources is used. 

FIG. 5 is a diagram showing another example of a beam shape 
(viewed from above) which can be set when a plurality of laser light sources 
is used. 

FIG. 6 is a diagram showing schematically the condition when only 
30 the surface vicinity of the brittle material is heated by laser light irradiation. 
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BEST MODE FOR CARRYING OUT THE INVENTION 

An embodiment of the present invention is explained below based on 
the drawings. 

5 FIG.l is a diagram showing schematically the configuration of an 

embodiment of the present invention. 

The processing apparatus in FIG.l is provided with a plurality of 
laser light sources 11, 12 ... ml, m2 ... mn. Semiconductor lasers are used 
as these laser light sources 11, 12 ... ml, m2 ... mn. 

10 The plurality of light sources 11, 12 ... ml, m2 ... mn are arranged in 

a matrix pattern at position above a brittle material W to be processed. The 
laser light from the laser light sources 11, 12 ... ml, m2 ... mn is guided 
respectively to the surface of the brittle material W via hollow optical fibers 
10 ... 10 and is simultaneously irradiated onto the surface of the brittle 

15 material W. 

The front ends of the plurality of hollow optical fibers 10 ... 10 are 
bundled together, and a laser light L from the laser light sources 11, 12 ... ml, 
m2 ... mn is irradiated in this bundled condition onto the brittle material W. 
The irradiating spots of the laser light L are arranged in a matrix pattern in 

20 an X-Y direction and form a three dimensional light intensity distribution as 
shown schematically in FIG. 3A and 3B by laser light irradiation onto the 
brittle material W. 

The brittle material W to be processed is transported in the X-Y 
direction by a scanning mechanism 2 such as an X-Y table or the like. A 

25 light intensity measuring device 3 is arranged below the plurality of laser 
light sources 11, 12 ... ml, m2 ... mn. 

The light intensity measuring device 3 is arranged selectively in the 
surface vicinity of the brittle material W to be processed. The light 
intensity measuring device 3 is transported in a direction parallel to 

30 (horizontal direction) the surface of the brittle material W by a transport 
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mechanism 4, and by this movement it can measure the composite light 
intensity distribution of the laser light L that is irradiated onto the surface of 
the brittle material W. 

After predetermined signal processing by a signal processing circuit 5, 
the output of the light intensity measuring device 3 is entered into a monitor 
device 6, and an image of the light intensity distribution is displayed on that 
monitor screen. It should be noted that the light intensity measuring device 
3 is moved to a position that will not hinder processing during processing of 
the brittle material W. The laser light sources 11 ... mn are electrically 
connected so as to receive the electrical power necessary for operation from a 
power source 8 via a controller 7. Furthermore, the intensity distribution 
data obtained at the surface of the light intensity measuring device 3 is 
processed electrically by the signal processing circuit 5. That is to say, the 
multitude of irradiated positions at the surface of the light intensity 
measuring device 3, and the irradiated intensities at those irradiated 
positions are processed in a corresponding manner and the corresponding 
data sent to the controller 7. In order to change the intensity distribution 
where necessary while confirming the light intensity distribution on the 
monitor, by inputting to the controller the data of the positions and the 
intensities that need to be changed, the beam strength outputted from the 
laser light source can be controlled such that it varies, by adjusting the 
power supply to any of the laser light sources 11 ... mn. 

Furthermore, if a detecting device 3* equivalent to the light intensity 
measuring device 3 is provided on the rear side of the brittle material W and 
a transport mechanism 4' is provided so as to move it in a horizontal 
direction parallel to the material reverse side, then it is possible to confirm 
the light intensity transmitted through the rear face side together with the 
top face side of the brittle material W. 

For example, when the brittle material W is thin, the light intensity 
on the rear face side is greater than necessary, and leaking light energy is 
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equivalent to wasted energy that does not contribute to crack formation. To 
reduce this type of waste, the transmitted light intensity at the rear face side 
is measured before starting the cutting work, and if that value is locally, or 
generally large, then a similar process performance can be obtained even by 
5 reducing the light output from the laser light sources 11, 12 ... ml, m2 ... mn 
before carrying out the cutting work. 

According to the above embodiment, a plurality of laser light sources 
(semiconductor lasers) 11, 12 ... ml, m2 ... mn are used to irradiate 
simultaneously the plurality of laser lights L onto the surface of the brittle 

10 material W to be processed, so that it is possible to generate thermal 
distortion over a large range and cause the necessary heat effect 
simultaneously over a wide region of the surface of the brittle material. As 
a result, when scanning while moving the laser light L in a predetermined 
direction relative to the surface of the brittle material W, the high speed 

15 development of cracks extending to a deep range is possible. 

It should be noted that in this embodiment, the irradiation of laser 
light L from the laser light sources 11, 12 ... ml, m2 ... mn allows both a 
cutting process in which cracks are set deep within the interior of the brittle 
material, and a cleaving process in which the brittle material W is 

20 completely separated by letting a crack formed at the starting point of the 
processing of the brittle material W advance through laser irradiation. 

According to this present embodiment, as the output signal from the 
light intensity measuring device 3 is processed so as to display the composite 
intensity distribution on the monitor screen when moving the light intensity 

25 measuring device 3 horizontally close to the surface of the brittle material W, 
it is displayed on the monitor screen whether the intensity distribution 
necessary for composite intensity distribution of the plurality of laser lights 
is being obtained or not (for example, whether a predetermined intensity 
value is obtained at a predetermined position), so it is possible for example to 

30 confirm irradiation positions and intensity data values, for example. 



Furthermore, it is possible to confirm by analysis of the output signal 
from the light intensity measuring device 3 what form the composite light 
intensity distribution has taken using laser light sources 11, 12 ... ml, m2 ... 
mn having different output intensities, for example as shown in FIG. 3B 
5 with the matrix arrangement of the laser light sources 11, 12 ... ml, m2 ... 
mn in FIG. 1, in which the light intensity of the centrally positioned laser 
light sources is stronger than the intensity of the laser light sources in the 
rows on either side. In such a case, if the composite light intensity 
distribution has not achieved its predetermined form, the desired composite 

10 light intensity distribution can be obtained through a control by inputting to 
the controller 7 the data for the necessary current values of the laser light 
sources 11, 12 ... ml, m2 ... mn. 

In this embodiment of the present invention, by choosing from the 
plurality of laser light sources 11, 12 ... ml, m2 ... mn those laser light 

15 sources that are driven, or by suitably arranging the front ends of the hollow 
optical fibers 10 ... 10, (the bundling method) it is possible to set the laser 
light beam shape which irradiates the brittle material W to the desired 
shape. 

For example, it is possible to configure an elliptical ring mode beam 
20 as schematically shown in FIGS. 4(A) to (D), or, in a light intensity 
distribution having an externally elliptical ring shape as shown in FIGS. 
4(E), (F) and (G), to configure the right edge vicinity, the central vicinity and 
the left edge vicinity within the light intensity distribution region of the 
respective ring shapes to have a greater light intensity than the regions 
25 surrounding them. Ib show schematically this kind of situation, the regions 
where light intensity is particularly strong are indicated by cross hatching. 
It is possible to form a variety of beam shapes like a V-shaped beam shown in 
FIG. 5(A), a U-shaped beam shown in FIG. 5(B), a triangular beam shown in 
FIG. 5(C), or a slit-shaped beam shown in FIG. 5(D) or the like without 
30 addition of contrivances such as optical systems using optical elements like 



special lenses or diffraction gratings. In this case, it is effective for speed 
and accuracy that the vertical width of the beam is narrow. Further, it is 
effective for speed and accuracy that the horizontal width of the beam is 
long. 

5 Consequently, it is possible to irradiate, onto the brittle material W 

laser light with a beam shape in which the number, intensity and 
arrangement necessary for the combination are appropriately set in 
accordance with the optimum light intensity distribution shape which is 
anticipated to correspond to the conditions of the object to be processed (glass 

10 quality, thickness and the like), from an applied analysis using a computer in 
advance and a temperature distribution analysis of thermal conduction. 

Moreover, by using a plurality of laser light sources having different 
output intensities, it is possible to set the composite light intensity 
distribution of laser light irradiating the surface of the brittle material as 

15 desired, so that by performing dynamic calculations and the like which take 
into account the intensity distribution, it is possible to irradiate the brittle 
material W with laser light of an optimum beam shape and an optimum light 
intensity distribution, and increase the process speed even more. Further, 
consideration must be given to the economics of the case in which the unit 

20 price and number of the laser light sources to be used are considered, 
however the brittle material to be processed is arranged such that composite 
laser light is irradiated over the full length of the surface region, and by 
controlling the timing of the generation of the beam output of the laser light 
sources such that laser light from the laser light sources is irradiated 

25 sequentially, it is possible to induce crack formation in the material from one 
edge to the other without transport of the laser light source which would be 
carried out with a normal single laser light source or mechanical transport of 
the table. It is also possible to apply this method of irradiating to cases in 
which the material is cut by irradiating with the laser along a curved suface 

30 or in which the material is cut in a circular shape. 
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In the above embodiment, an example is shown using a 
semiconductor laser, however the present invention is not limited to this and 
it is also possible to apply other types of laser apparatuses such as CO2 lasers 
or YAG lasers or the like. It should be noted that when using high output 
laser apparatuses such as CO2 lasers or the like, as the optical wave guide 
that guides the laser light to the surface of the brittle material, it is possible 
to use low transmission loss hollow optical fibers and hollow wave guides and 
the like (Matsuura Y. and Miyagi M: Applied Physics, vol. 68, pp. 41 — 43, 
1993, and Applied Physics, vol. 62, pp. 44 - 46, 1993). 

INDUSTRIAL APPLICABILITY 

According to the present invention as described above, it is possible 
to improve the processing speed as a result of the increase in irradiation area 
that is irradiated simultaneously by laser light, a considerable widening of 
the irradiation area of laser light on the surface of the brittle material to be 
processed and an increase in the heating volume of the internal portion 
heated per irradiating time. Further, there are also the advantages that it 
is possible to use low output semiconductor lasers in the processing of the 
brittle material and the like, and that it is possible to perform the process 
under the optimum conditions for the brittle material to be processed. 
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